Aim: It is widely known that inflammation is related to type 2 diabetes (T2D), but few studies have shown a direct relationship between the immune system and T2D using a reliable biomarker. Neutrophil:lymphocyte ratio (NLR) is an easy-to-analyze inflammation biomarker, but few studies have assessed the relationship between NLR and T2D. In order to evaluate how NLR is related to T2D, we designed a large-scale cross-sectional and prospective cohort study in an adult population. Subjects and methods: Participants were recruited from the Tianjin Medical University General Hospital-Health Management Centre. Both a baseline cross-sectional (nZ87 686) and a prospective (nZ38 074) assessment were performed. Participants without a history of T2D were followed up for w6 years (with a median follow-up of 2.7 years). Adjusted logistic and Cox proportional hazards regression models were used to assess relationships between the quintiles of NLR and T2D (covariates: age, sex, BMI, smoking status, drinking status, hypertension, hyperlipidemia, and family history of cardiovascular disease, hypertension, hyperlipidemia, or diabetes). Results: The prevalence and incidence of T2D were 4.9% and 6.8/1000 person-years respectively. The adjusted odds ratio and hazard ratio (95% CI) of the highest NLR quintile were 1.34 (1.21, 1.49) and 1.39 (1.09, 1.78) (both P for trend !0.01) respectively as compared to the lowest quintile of NLR. Leukocyte, neutrophil, and lymphocyte counts do not significantly predict the eventual development of T2D. Conclusion: The present study demonstrates that NLR is related to the prevalence and incidence of T2D, and it suggests that NLR may be an efficient and accurate prognostic biomarker for T2D.
Introduction
Type 2 diabetes (T2D) is a major global health problem that affects more than 285 million individuals worldwide (1) , and it has reached epidemic proportions in China. adults (15.5%) have pre-diabetes, which is an important risk factor for the development of overt diabetes as well as cardiovascular disease (CVD) (3, 4) . The increasing burden of T2D (5) demonstrates an immediate need for elucidating the mechanisms that underlie its pathophysiology of in order to implement preventative strategies.
Prior studies have indicated that components of the immune system are altered in obesity and T2D (6) and that elevated levels of the inflammatory markers interleukin 6 (IL6) and C-reactive protein (CRP) are associated with the development of T2D (7) . Other research has indicated that inflammation of pancreatic islets can reduce insulin secretion and trigger b-cell apoptosis (8) . This led us to hypothesize that immune markers might be useful predictors of T2D.
Neutrophil:lymphocyte ratio (NLR), which has become one of the most popular biomarkers in biological and medical research in recent years, has been shown to correspond to numerous chronic inflammatory diseases (9, 10) . NLR is both accessible and affordable, and it thus has been increasingly used in clinical trials and research studies; however, few studies have examined the relationship between NLR and T2D (11) , and whether NLR is associated with T2D is unknown. In the present study, we used a cross-sectional and prospective cohort study to evaluate the predictive power of NLR for T2D.
Subjects and methods

Participants
The Tianjin Chronic Low-Grade Systemic Inflammation and Health (TCLSIHealth) cohort study is a large prospective dynamic cohort study that focuses on the relationship between chronic low-grade systemic inflammation and the health status of a population that lives in Tianjin, China (12, 13) . Tianjin is a city of w10.43 million inhabitants that is located in the northeast of the North China Plain and faces the Bohai Sea (14) . Participants were randomly recruited during routine preventive examinations (annual physical examinations) at the Tianjin Medical University General Hospital-Health Management Centre, the largest and most comprehensive physical examination center in Tianjin. The protocol of the study was approved by the Institutional Review Board of Tianjin Medical University, and all of the participants gave written informed consent before participating in the study. The study conforms to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines for cross-sectional and cohort studies.
TCLSIHealth data from 2007 to 2013 was used in the present study. All of the variables were measured at seven time points. The participant selection process is described in Fig. 1 . During the research period, there were 101 490 participants who had received at least one annual physical examination. We excluded participants who did not have leukocyte counts (nZ5914), fasting blood sugar (FBS) testing (nZ519), those with a history of CVD (nZ4231) or cancer (nZ589), those who had inflammatory diseases such as vasculitis, lupus, gastritis, chronic cholecystitis, nephritis, rhinitis, pharyngitis, bronchitis, myocarditis, atherosclerosis, arthritis, psoriasis, or trauma (nZ1472), and those who had a history of liver diseases (nZ888) or kidney diseases (nZ191). Owing to these exclusions, the final cross-sectional study population comprised 87 686 participants.
Participants who provided informed consent (n=10 1490)
Participants for whom leukocyte counts data were not available were excluded (n=5914) Participants for whom fasting blood sugar data were not available were excluded (n=519)
Participants with a history of cardiovascular disease were excluded (n=4231)
Participants with a history of cancer were excluded (n=589)
Participants with a history of inflammatory diseases were excluded (n=1472)
Participants with a history of liver diseases were excluded (n=888)
For follow-up analysis, participants were excluded at baseline if they had received an annual physical examination only in 2013 (nZ31 614) or had T2D (nZ3702). We also excluded 14 296 participants who did not undergo health examinations during follow-up. Following these exclusions, the final cohort study population comprised 38 074 participants (follow-up rate: 72.7%). Incidence of T2D was evaluated across the w6-year follow-up period (median follow-up 2.7 years).
Assessment of T2D
FBS was measured by the glucose oxidase method using reagents from Roche Diagnostics on an automatic biochemistry analyzer (Roche Cobas 8000 modular analyzer). T2D was defined in accordance with the criteria of the World Health Organization (15) . Participants were considered to have T2D when their FBS level was R7 mmol/l or when they had physician-diagnosed diabetes and/or were currently using antidiabetic medications. We assigned the date of onset of T2D as the midpoint between the examination date when diabetes was first noted and the previous examination date. All of the participants were followed from the baseline examination to the date of incident diabetes or, for those with no diabetes, through the final examination date in 2013.
Assessment of NLR
Leukocyte, neutrophil, and lymphocyte counts were carried out using the automated hematology analyzer and expressed as !1000 cells/mm 3 . The test for blanks was %0.2!10 9 cells/l. Then, by dividing the neutrophil by the lymphocyte count, we calculated the NLR. In order to investigate how the NLR, leukocyte, neutrophil, and lymphocyte counts are related to the prevalence and incidence of T2D, we divided them into five categories according to quintiles of participants.
Assessment of other variables
Blood pressure (BP) was measured twice from the upper left arm using an automatic device (Andon, Tianjin, China) after 5 min of rest in a seated position. Socio-demographic variables, including sex and age, were also assessed. A detailed personal and family history of physical illness and current medications was noted from 'yes' or 'no' responses to relevant questions. Information on alcohol and tobacco use was obtained from a questionnaire survey.
Statistical analysis
All statistical analyses were performed using the Statistical Analysis System 9.3 edition for Windows (SAS Institute, Inc., Cary, NC, USA). Because all of the continuous variables were non-normally distributed, they were logarithmically transformed to obtain substantially normal distributions before analysis, and the geometric means (95% CI) are shown. For further analysis, the prevalence and incidence of T2D was used as a dependent variable, and the quintiles of NLR, leukocyte, neutrophil, and lymphocyte counts were used as independent variables. For baseline characteristics analysis, the differences among quintiles of NLR were examined using ANOVA for continuous variables and logistic regression analysis for proportional variables. Bonferroni-corrected P values were used for comparisons between NLR quintiles.
For cross-sectional analysis, multiple logistic regression analysis was used to examine the relationship between quintiles of NLR and the prevalence of T2D after adjusting for covariates, including age, sex, BMI, smoking status, drinking status, hypertension, hyperlipidemia, and family history of CVD, hypertension, hyperlipidemia, or diabetes; odds ratios (ORs) (95% CI) were calculated. For follow-up analysis, Cox proportional hazards regression model was used (after adjusting for the baseline covariates just mentioned) to examine the relationships between quintiles of baseline NLR, the mean of annual NLR measurements (mean NLR), leukocyte, neutrophil, lymphocyte counts, and the incidence of T2D; hazard ratios (HRs) (95% CI) were calculated. Moreover, the interaction between quintiles of NLR and sex was tested by the addition of this cross-product term to the regression model. All P values for linear trends were calculated using the median value of quintiles of NLR. A Pearson's correlation coefficient (r) was calculated to evaluate the relationship between mean and baseline NLR. All tests were two-tailed, and P!0.05 was defined as statistically significant.
Results
In the cross-sectional analysis, 48 191 of the 87 686 participants (55.0%) were males. Overall meanGS.D. age was 40.1G13.3 years. The overall prevalence of T2D was 4.9% (4413 of 87 686). The characteristics of participants across NLR quintiles for cross-sectional analysis are presented in Table 1 . Compared to participants in the lowest quintile of NLR, participants in the upper four quintiles tended to be older, to have higher BMI, waist circumference, and levels of TG, and to have a higher SBP, DBP, and FBS but a lower TC, LDL, and HDL; in addition, a higher proportion these participants were current smokers and drinkers and had a family history of CVD, hypertension, and diabetes (P for trends !0.05). Other than these results, no significant differences were observed between the participants in different NLR quintiles. Table 2 shows the crude and adjusted relationships between quintiles of NLR and T2D. In the final multivariate models, the ORs (95% CI) for T2D across NLR quintiles were 1.00 (reference), 1.16 (1.04, 1.29), 1.22 (1.09, 1.36), 1.23 (1.11, 1.37), and 1.34 (1.21, 1.49) (P for trend !0.0001). Similar relationships were also observed when males and females were analyzed separately (P for interaction 0.14).
In the cohort analysis, of the 38 074 participants, 20 134 (52.9%) were males. Overall meanGS.D. age was 38.0G12.7 years. The baseline characteristics for follow-up analysis are shown in Table 3 . The baseline results were similar to the participant characteristics in the cross-sectional analysis, with the exception of FBS and the proportion of males. No significant differences in the levels of FBS, proportion of exsmokers or family history of hyperlipidemia were observed across NLR quintiles (P for trendZ0.40, 0.80 and 0.39, respectively). During this period, a total of 691 participants received a new diagnosis of T2D. The incidence of T2D was 6.84 per 1000 person-years. During the follow-up, incidences of T2D were 5.42, 6.25, 6.41, 7.49, and 9.01 per 1000 person-years respectively with the progression of NLR quintiles. The crude and adjusted relationships between NLR and the incidence of T2D are indicated in Table 4 . In the crude model, the unadjusted HRs (95% CI) of T2D were related to a gradual increase in the levels of NLR as compared to participants who had the lowest quintile of NLR, and they were as follows: 1.12 (0.86, 1.44), 1.11 (0.85, 1.43), 1.39 (1.08, 1.78), and 1.66 (1.30, 2.11) respectively (P for trend !0.001). In the final multivariate models, the HRs (95% CI) of T2D were related to a gradual increase in NLR levels as compared to participants with the lowest quintile of NLR, and they were as follows: 1.00 (0.77, 1.30), 0.99 (0.77, 1.28), 1.17 (0.91, 1.50), and 1.39 (1.09, 1.78) respectively (P for trend !0.01). Similar relationships were also observed when males and females were analyzed separately (P for interaction 0.998). The present study was based on single measurements of blood NLR, which may not reflect inflammatory status over time, so we further evaluated the relationship between mean NLR and the incidence of T2D as well as the relationship between mean and baseline NLR. After multiple adjustments, the HRs (95% CI) of T2D were related to a gradual increase in mean NLR levels as compared to participants with the lowest quintile of mean NLR, and they were as follows: 1 (Fig. 2) .
Discussion
In the present study, NLR, but not leukocyte, neutrophil, and lymphocyte counts, was positively related to the incidence of T2D in a reasonably sized sample of urban Chinese adults. This was a large-scale comprehensive study to relate the risk of T2D to NLR, an inflammatory biomarker that is used extensively in the medical field. To date, only one (5-year) cohort study has assessed the relationship between differential leukocyte counts and the incidence of T2D, and it did so in a small middle-aged population (nZ866; number of new diabetes cases: 138) (11) . Interestingly, in that study, the tertiles of lymphocyte-only count (but not leukocyte, neutrophil, or monocyte counts or NLR) were independently and significantly related to the incidence of T2D. Furthermore, a small-scale cross-sectional study by Lee et al. (17) claimed that NLR was not associated with b-cell dysfunction and that the association between NLR and insulin resistance was confounded by obesity. Although the reasons for this discrepancy remain unclear, we speculate that the smaller sample size and substantial number of new diabetes cases in that study might have blurred the relationship between differential leukocyte counts and the incidence of T2D. Further studies are required to evaluate whether NLR and/or lymphocyte count is a useful marker for predicting the incidence of T2D. T2D seems to result -at least initially -from an activation of the innate immune system in the organs that are involved in glucose metabolism (18) . Several studies have suggested that there might be a link between inflammatory markers and diabetes. Cross-sectional studies in nondiabetic subjects or the general population (19, 20, 21) and those in individuals with impaired glucose tolerance/impaired fasting glucose (22, 23, 24) have shown that acute-phase reactants such as CRP, IL6, and tumor necrosis factor a (TNFa) are positively correlated with insulin resistance and plasma insulin concentration. In one study by Leinonen et al. (25) , all of the markers of inflammation, including CRP, serum amyloid A, secretory phospholipase A2, and IL6, as well as soluble cell adhesion molecules correlated with homeostasis model-measured insulin resistance. Together, this evidence suggests that inflammation participates in the pathogenesis of T2D (3). Moreover, previous works have also indicated that inflammation markers might be accurate predictors of T2D. Using data from the Atherosclerosis Risk in Communities Study, Schmidt et al. (26) were the first to show that a variety of inflammatory markers, including leukocyte count and low serum albumin, a1-acid glycoprotein, fibrinogen, and sialic acid, accurately predict T2D development in a middle-aged population. This finding has been supported by other studies that showed the same correlation in both adult males and females across several populations (7, 27, 28, 29) . These findings suggest that inflammation makers are useful predictors of T2D. NLR reflects both the lymphocyte and neutrophil counts. The power of NLR as an inflammatory factor stems from both a reduction in the lymphocyte count and an increase in the neutrophil count. Tanaka et al. (30) showed that T lymphocytes were reduced in obese people and that lymphopenia appeared to be related to inflammation through TNFa. Neutrophils are the first immune cells to respond to inflammation and can exacerbate the chronic inflammatory state by helping recruit macrophages and by interacting with antigen-presenting cells. An animal study demonstrated that neutrophil elastase could degrade the insulin receptor substrate 1 and reduce insulin-induced Akt phosphorylation in adipocytes. This mechanism may be involved in the neutrophil effect on insulin resistance (31) . However, in the present results, only NLR (not lymphocyte, leukocyte, or neutrophil) was independently and significantly related to the incidence of T2D. Therefore, NLR may be a better biomarker of T2D than the others are.
Several studies have established the utility of NLR as a medically relevant biomarker. NLR can single out individuals that are at risk for sensorineural hearing loss (caused by vascular complications of diabetes via inflammation) (32) or those that are at risk for adverse cardiac events (33) . One review article also indicated that NLR has been related to arterial stiffness and high coronary calcium scores, which are significant markers of CVD (34) . Recently, NLR has been reported to be a prognostic marker for outcomes that result from diabetic retinopathy (35) , including microvascular complications (36) and impaired renal function (37) . Although the precise mechanisms that underlie the associations between systemic inflammation and prevalent conditions remain to be elucidated, these studies verify the present conclusion that NLR could be used as an innovative and effective predictor for T2D.
Inflammation can be a cause of numerous diabetic complications that represent a complex set of phenomena that stretch beyond the field of inflammation proper. Corvera et al. (38) proposed that during diabetic complications, the early formation of advanced glycation end products associated with hyperglycemia stimulates mechanisms that lead to the recruitment of key components of the inflammatory response. Indeed, studies have shown that the advanced glycation end products receptor-mediated regulation of adiposity and inflammation may result in T2D and diabetic vascular complications (39) . Other research has shown that serum levels of IL6, IL17, interferon g, TNFg, IL2, and IL10 were increased in T2D nephropathy (T2DN) Adjusted hazard ratios (HRs) (95% CI) of the relationship between the quintiles (Q) of leukocyte, neutrophil, and lymphocyte counts and the incidence of type 2 diabetes.
Adjusted for age, sex, BMI, smoking status, drinking status, hypertension, hyperlipidemia, and family history of cardiovascular disease, hypertension, hyperlipidemia, and diabetes.
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www.eje-online.org patients (40) , and inflammatory responses (such as increased expression of toll-like receptors) were involved in the perpetuation of inflammation in the diabetic kidney (41) . During the development and progression of T2DN, increased oxidative stress leads to the activation of the poly (ADP-ribose) polymerase pathway, which regulates the expression of genes that are involved in promoting inflammatory reactions (42) . A study by Vinik et al. (43) emphasized that a loss of heart rate variability, which occurs early in the development of autonomic dysfunction, correlates with an increase in circulating inflammation markers, such as CRP and IL6. Collectively and combined with the present findings, these results suggest that inflammation likely contributes to the pathophysiology of and complications that result from T2D; thus, further studies aimed at investigating the mechanisms that underlie these contributions are warranted.
Limitations of the present study should be noted. Even though the present study adjusted for a considerable number of potential confounding factors, we cannot exclude the possibility that NLR is affected by a lifestyle variable that was not collected by the TCLSIHealth study. Furthermore, the ascertainment of T2D by a single FBS might have impacted the definition of T2D and have had some influences on the analysis results.
Conclusion
In the present study, increased NLR levels were associated with the prevalence and incidence of T2D among the adult population. Our findings indicate that baseline NLR might be a useful predictive factor for T2D in the general adult population.
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